Abstract The isolation of high-quality RNA from brown seaweeds has always been problematic due to a high content of polyphenolic compounds and polysaccharides in their tissues. This study presents a simple and effective method for isolating high-quality RNA from the brown seaweeds Sargassum (Sargassum polycystum, Sargassum siliquosum, Sargassum baccularia, and Sargassum binderi), Padina tetrastromatica, Turbinaria conoides, Dictyota sp., and Hormophysa cuneiformis using cetyltrimethylammonium bromide and selective lithium chloride precipitation. Approximately 25-43 μg g −1 fresh weight of total RNA was obtained from these brown algae. The A 260 /A 280 absorbance ratio of these RNA samples are between 1.995±0.027 and 2.122±0.013, with distinct 28S and 18S ribosomal RNA bands visible on a formaldehyde agarose gel. The RNA obtained from S. polycystum was found to be suitable for many downstream applications such as reverse transcription polymerase chain reaction, cloning, synthesis of cDNA, and construction of cDNA library for the generation of expressed sequence tags.
Introduction
Sargassum is an economically and ecologically important brown seaweed, being one of the main raw materials for the production of alginate in Asian countries (Kaladharan and Kaliaperumal 1999) with many applications in textile, in food industries, and as feed (Mahmood and Siddique 2010) . Its nutritional and medicinal properties (Blunt et al. 2007; Murakami et al. 2011) make Sargassum an interesting model for studying molecular ecology (Cheang et al. 2010; Hu et al. 2011 ) and functional genomics (Wong et al. 2007; Kim and Itabashi 2012) in the tropical region.
A fast and cost-effective method for the extraction of highquality nucleic acids, especially RNA, is a prerequisite for successful functional genomics studies. However, the high content of phenolic compounds and alginate-cellulose cell walls (Chkhikvishvili and Ramazanov 2000; Rioux et al. 2007 ) in brown algae have always been a problem in RNA extraction. In most cases, the quality and yield of the extracted RNA are affected by algal polysaccharides, which often coprecipitate with the RNA (Wang et al. 2008 ). The task is even more difficult due to the enzymatic degradation of RNA molecules by endogenous RNase (Jun et al. 2008) . Furthermore, the isolation of intact and high-quality RNA without DNA contamination is always important and necessary for gene expression studies such as reverse transcription polymerase chain reaction (RT-PCR), northern blot analysis, microarray hybridization, and cDNA library construction (Yao et al. 2009 ). This is often a challenge for the nonmodel organisms, especially in the development of these molecular studies.
There are numerous methods for the isolation of total RNA from recalcitrant plants and algae such as the acidic guanidinium thiocyanate-based method (AGTI) (Chomczynski and Sacchi 1987; Hong et al. 1997) , sodium dodecyl sulfate (SDS)-phenol method (Wilkins and Smart 1996) , lithium chloride (LiCl)-SDS method , cetyltrimethylammonium bromide (CTAB) saltbased method (Wang et al. 2008; Wong et al. 2007 ), cesium chloride gradient ultracentrifugation (La Claire and Herrin 1997) , and hot borate method (Wan and Wilkins 1994) . Polyvinylpyrrolidone, β-mercaptoethanol, and polyvinylpolypyrrolidone (PVPP) (Geuna et al. 1998 ) are added to denature protein and to inactivate RNases. However, most of these methods are time-consuming, expensive, and hence, limiting the processing of a large number of samples.
Therefore, it is necessary to develop an RNA extraction method which could eliminate the high content of algal polysaccharides and to obtain an intact and high-quality RNA which is suitable for RT-PCR, cloning, and subsequent cDNA library construction. In order to determine the best method for RNA extraction of Sargassum polycystum, prevalent methods, namely, the AGTI (Chomczynski and Sacchi 1987; Hong et al. 1997) , LiCl-SDS method , CTAB-PVPP method (Wang et al. 2008) , and CTAB saltbased method (Wong et al. 2007) , were used to extract total RNA from S. polycystum. The developed protocol was applied to eight brown seaweeds tissues and the isolated RNA was found to be suitable for downstream applications. To our knowledge, there are few reports on total RNA isolation from brown seaweeds (Macrocystis, Laminaria, Ectocarpus, Fucus) (Apt et al. 1995; Pearson et al. 2006; Yao et al. 2009 ), but there has been no report on total RNA isolation from the brown seaweeds used in our study, that is, S. polycystum, Sargassum siliquosum, Sargassum baccularia, Padina tetrastromatica, Turbinaria conoides, Dictyota sp., and Hormophysa cuneiformis. This developed protocol was able to produce a high quality and quantity of intact RNA, thereby allowing the successful construction of cDNA library for expressed sequence tag analysis of the S. polycystum.
Materials and methods
Eight brown seaweeds (Sargassum polycystum, S. siliquosum, S. baccularia, Sargassum binderi, Padina tetrastromatica, Turbinaria conoides, Dictyota sp., and Hormophysa cuneiformis) were used in this study. These brown seaweeds were collected at Teluk Kemang and Cape Rachado, Port Dickson, Negeri Sembilan, Malaysia. These seaweeds were maintained in natural seawater and transported back to the laboratory within 3 h upon collection. The samples were cleaned and frozen in liquid nitrogen before they were kept at −80°C. The collection, transportation, cleaning, and storage of samples were carried out within the same day to avoid the degradation of RNA.
Total RNA extraction method Glass materials, nondisposable plastic materials, and the mortar and pestle were treated with 0.1 % diethyl pyrocarbonate (DEPC)-treated water and autoclaved. The frozen tissues were ground in liquid nitrogen and RNA was extracted by four methods (methods 1, 2, 3, and 4). Method 5 is the optimized method developed from the previous four methods. The resulting total RNA for the eight seaweeds were then converted to first-strand cDNA and subjected to RT-PCR amplification, cloning, and sequencing.
Method 1: modified from Hong et al. (1997) Ground frozen tissue was added to the extraction buffer (4 M guanidinium thiocyanate, 0.8 M LiCl, 0.6 % N-lauroylsarcosine sodium (LSS) (w/v), 10 mM ethylenediaminetetraacetic acid (EDTA), 0.2 % PVPP (w/v), 2 % β-mercaptoethanol (v/v)) in a ratio of 1:10 [tissue (w)/buffer (v)]. The mixture was heated to 55°C for 10 min, gently shaken on ice for 1 h, and centrifuged at10,000×g for 15 min at 4°C. RNA was precipitated at −20°C using 0.1 volume 3 M sodium acetate (NaOAc) (pH 5.2) and 0.6 volume isopropanol overnight. Phenol/chloroform/isoamyl alcohol (PCI) (25:24:1, v/v, pH 8.0) extraction was performed, followed by precipitation using 2 volumes ethanol and 0.1 volume 3 M NaOAc (pH 5.2) at −20°C overnight. The RNA was collected by centrifugation (10,000×g, 30 min, 4°C). The RNA pellet was recovered by centrifugation and then washed with ice-cold 70 % ethanol (v/v) and air-dried. Finally, the RNA pellet was dissolved in 50 μL DEPC-treated water.
Method 2: modified from Kim et al. (1997) Ground frozen tissue was added to the extraction buffer (25 mM Tris-HCl, 50 mM LiCl, 35 mM EDTA, 35 mM ethylene glycol tetraacetic acid, and 1 % SDS (w/v)) in a ratio of 1:10 (w/v). Equal volume of PCI was carried out and centrifuged at 10,000×g, 15 min, 4°C, before the aqueous phase was made up to 4 M LiCl and left for 3 h at −20°C. The RNA was collected by centrifugation (10,000×g, 30 min, 4°C) and extracted with an equal volume of PCI twice. The aqueous phase was precipitated at −80°C using 2.5 volumes ethanol and 0.1 volume 3 M NaOAC (pH 5.2) overnight. The RNA pellet was recovered by centrifugation and then washed with ice-cold 70 % ethanol and air-dried. Finally, the RNA pellet was dissolved in 150 μL DEPCtreated water.
Method 3: modified from Wang et al. (2008) Ground frozen tissue was added to the extraction buffer (2 M NaCl, 25 mM EDTA, 200 mM Tris (pH 8.0), 20 mM sodium borate, 2 % PVPP (w/v), 2 % CTAB (w/v), 1 % LSS (w/v), and 2 % β-mercaptoethanol (v/v)) in a ratio of 1:10 (w/v). The mixture was mixed vigorously and incubated at 65°C in a water bath shaker over 10 min with occasional shaking. One volume chloroform/isoamyl alcohol (CI) (24:1, v/v) was added into the mixture, mixed, followed by centrifugation at 10,000×g for 10 min at 4°C. The supernatant was transferred into another tube and 2 volumes of water-saturated PCI (25:24:1, v/v, pH 4.5) was added into the mixture and mixed. The mixture was centrifuged at 10,000×g at 4°C for 10 min. The previously described step was repeated twice or until a clean interface was observed. Extraction with an equal volume of CI was performed and the aqueous phase was precipitated with 2.5 volumes ethanol and 0.1 volume 3 M NaOAc (pH 5.2) overnight at −20°C. The RNA pellet was recovered by centrifugation and then washed with ice-cold 70 % ethanol and air-dried. Finally, the RNA pellet was dissolved in 100 μL DEPC-treated water.
Method 4: Wong et al. (2007)
Ground tissue was added into CTAB extraction buffer (100 mM Tris-HCl (pH 8.0), 1.5 M NaCl, 20 mM EDTA, 20 mM dithiothreitol (DTT), and 2 % CTAB (w/v)) in a ratio of 1:10 [tissue (w)/buffer (v)]. The solution was gently mixed for 15 min at 25°C. The mixture was centrifuged for 10 min at 10,000×g. The aqueous layer was transferred to a new tube and 0.33 volume ethanol was added, followed by CI extraction. This was followed by the addition of LiCl and β-mercaptoethanol to a final concentration of 3 M and 1 % (v/v), respectively. The mixture was incubated at −20°C for 3 h before the RNA pellet was recovered by centrifugation and dissolved in 400 μL RNase-free water. Extraction with an equal volume of PCI twice was performed and the aqueous phase was precipitated at −80°C using 2 volumes ethanol and 0.1 volume 3 M NaOAc (pH 5.2) overnight. The RNA pellet was recovered by centrifugation and then washed with ice-cold 70 % ethanol and air-dried. Finally, the RNA pellet was dissolved in 20 μL DEPC-treated water.
Method 5: new optimized method developed in this study
Finely ground frozen tissues were added into CTAB extraction buffer (100 mM Tris-HCl (pH 8.0), 2 M NaCl, 20 mM EDTA, and 2 % CTAB (w/v)) and 50 mM DTT was added prior to extraction in a ratio of 1:10 [tissue (w)/buffer (v)]. The solution was mixed vigorously prior to CI extraction. The mixture was centrifuged for 10 min at 10,000×g. The supernatant was transferred to a new tube and 0.3 volume of absolute ethanol was gently added, followed by CI extraction. The mixture was then centrifuged at 10,000×g for 10 min. The supernatant was transferred to a new tube and LiCl was added to a final concentration of 2 M, before incubation at −80°C for 2 h. The RNA pellet obtained by centrifugation at 10,000×g for 30 min at 4°C was then dissolved in 400 μL RNase-free water. CI extraction was repeated once, followed by the addition of LiCl to a final concentration of 2 M and precipitated at −80°C for 2 h. The RNA pellet was recovered by centrifugation and then washed with ice-cold 70 % ethanol and air-dried. Finally, the RNA pellet was dissolved in 20-50 μL DEPC-treated water.
Total RNA analysis
The quality and quantity of the isolated total RNA samples were determined by running samples in a 1.2 % formaldehyde agarose gel electrophoresis and monitoring the A 260 /A 280 and A 260 /A 230 absorbance ratios, respectively, using a NanoPhotometer™ UV/Vis spectrophotometer (Implen, Germany). Total RNA samples (2-3 μg each) were loaded on a 1.2 % formaldehyde agarose gel, electrophoresed to separate the RNA, stained using ethidium bromide (EtBr), and visualized under UV light to assess the integrity of ribosomal bands.
cDNA synthesis and RT-PCR analysis First-strand cDNA was synthesized from 3 μg of DNase I (NEB, England)-treated total RNA using the Superscript III First-Strand Synthesis System (Invitrogen, USA). The reverse transcriptase reaction was performed by 10 min incubation at 25°C, 50 min incubation at 50°C, and 5 min incubation at 85°C according to the manufacturer's instructions. The PCR amplification was performed with 100 ng of first-strand cDNA, 1X KOD Hot Start DNA Polymerase buffer, 1.5 mM MgSO 4 , 0.2 mM dNTPs, 0.3 μM genespecific primer (GSP)-forward (F), 0.3 μM GSP-reverse (R), 0.02 U of KOD Hot Start DNA Polymerase (Novagen, Toyobo, Japan) and PCR-grade water. Amplifications were conducted in an MJ Research PTC-100 Peltier thermal cycler under the following conditions: 95°C for 2 min, 35 cycles of 95°C for 20 s, 55°C for 10 s, 72°C for 20 s, followed by a final extension at 72°C for 5 min. The GSPs used in the PCR were designed from the coding region of the actin gene (Ac) as follows: GSPAc-F (5′-AGGCTCTGGTGGTGGACA-3′) and GSPAc-R (5′-TCGGTAAGAAGGACGGGGTGT-3′). The PCR products of the expected size were resolved on a 1.2 % TAE agarose gel with EtBr staining and visualized under UV light.
Cloning PCR products into yT&A vectors and sequencing
The amplified products were separated on 1 % agarose gels and purified using the QIAquick Gel Extraction Kit (Qiagen, Germany). The purified fragment was cloned into yT&A cloning vector (Yeastern Biotech Co, Ltd., Taiwan) as described by the manufacturer and the ligation product was used to transform the competent Escherichia coli strain DH5α cells. After screening, the recombinant plasmids were isolated using Plasmid DNA-spin™ Purification Kit (iNtRON, Inc., Korea) and sent to Solgent, Co., Ltd., Korea for sequencing by using the M13 forward universal primer.
mRNA isolation
The mRNA isolation from approximately 750 μg total RNA of S. polycystum was performed using the μMACS mRNA Isolation Kit (MiltenyiBiotec, Germany) according to the recommendations of the manufacturer. Quantification of mRNA was determined by using NanoPhotometer (Implen, Germany) and EtBr plate assay.
Construction of cDNA library of S. polycystum A total of 5 μg of mRNA was used for the construction of the cDNA library of S. polycystum. The cDNA library was prepared using a ZAP-cDNA Synthesis Kit (Stratagene, USA) and directionally cloned into the Uni-Zap vector (Stratagene, USA) following the manufacturer's protocol. Ligated cDNA was packaged using Gigapack III Gold Packaging Extracts (Stratagene, USA) and transformed into E. coli XL1-Blue MRF′ cells.
Screening of the library
Single white colonies were picked and cultured for plasmid preparation using Plasmid DNA-spin™ Purification Kit (iNtRON, Inc., Korea). Restriction enzyme analyses with XhoI (NEB, England) and EcoRI (NEB, England) and PCR were performed to verify the cDNA inserts. The 25-μL PCR containing 1X Optimized DyNAzyme™ buffer (10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1.5 mM MgCl 2 , and 0.1 % Triton X-100) with 1.5 mM MgCl 2 , 200 μM dNTP, 1 U DyNAzyme™ II DNA Polymerase (Finzymes, Espoo, Finland), 0.2 μM T3 primer, 0.2 μM T7 primer, autoclaved ultrapure water, and approximately 20 ng of template DNA was performed at 94°C for 2 min, 35 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 2 min, followed by a final extension at 72°C for 7 min. Agarose gel electrophoresis was carried out to analyze the PCR products.
Results and discussion
Quantity and quality of isolated RNA The RNA isolation from plants as well as seaweeds can be a major problem due to the large amounts of polysaccharides and polyphenolic compounds during the developmental stages and/or in response to environmental conditions (Roeder et al. 2005; Tonon et al. 2008; Caffall and Mohnen 2009 ). These polysaccharides and polyphenolic compounds often coprecipitate with nucleic acids during the extraction process, thus affecting both the quality and quantity of isolated nucleic acids (Wang et al. 2008) . Seaweed tissues have high levels of polysaccharides and secondary metabolites that are released after disruption of cells embedded in viscous polysaccharides (Ho et al. 1996) . S. polycystum has a high content of polysaccharides, particularly alginate, where the yield of alginate obtained ranged from 17.12 to 39.8 % (Saraswathi et al. 2003) .
Numerous protocols have been used for the isolation of the nucleic acids from plants and algal tissues. In order to inhibit ribonucleases (RNase), guanidinium thiocyanate and guanidinium chloride are among several chaotropic salts used in RNA extraction protocols. Both the chaotropic salts mentioned previously are effective protein denaturants and inhibitor of RNase (Chomczynski and Sacchi 1987) . However, these strong protein denaturants may not be suitable for tissues that are rich in polysaccharides or phenolic compounds (Wilkins and Smart 1996) . The presence of high amounts of polyphenols and secondary metabolites has been shown to interfere with RNA extraction in the presence of guanidinium salts (Bugos et al. 1995) . Guanidinium salts are ineffective in dissociating RNA from nonprotein complexes, and RNA may be lost along with the complex during the isolation procedure (Liu et al. 1998; Bugos et al. 1995) . This may have happened to the total RNA extracted from S. polycystum using method 1 whereby the RNA was sticky, brown in color, and difficult to completely dissolve in water even after incubation at 60°C. The RNA purity and concentration were assessed by determining the spectrophometric absorbance of samples at 230, 260, and 280 nm, ratio of A 260 /A 280 , and ratio of A 260 /A 230 . The ratio of A 260 /A 280 provides an indication of protein contamination and the ratio of A 260 /A 230 indicates polysaccharide/polyphenolic contamination (Manning 1990; Chan et al. 2004; Japelaghi et al. 2011) . The low A 260 /A 280 ratio (1.175±0.064) and the low A 260 /A 230 ratio (0.535±0.064) obtained from method 1 (Table 1) suggested that guanidinium thiocyanate is not suitable for removing protein and polysaccharides from S. polycystum. Method 2 used LiCl in the extraction buffer. LiCl could soften the seaweed tissues and help the release of nucleic acids through the loosened cell wall and cell membrane ). The extraction buffer containing LiCl could eliminate polysaccharide contamination from nucleic acids in Porphyra , marine macroalgae , and Gracilaria changii (Chan et al. 2004 ), but it did not work on S. polycystum, as judged from the gelatinous pellet obtained in this study. The presence of polyphenolic compounds made the RNA pellet difficult to dissolve and the presence of polysaccharides made the RNA pellet solution viscous (Accerbi et al. 2010) . As shown in Table 1 , low quality of RNA obtained was due to the contamination of protein (A 260 /A 280 ratio= 1.105±0.035) and the contamination of polysaccharides/-polyphenolic compounds (A 260 /A 230 ratio=0.655±0.078). The PVPP in method 3 are known to form complex with polyphenolics through the hydrogen bond and thus help in the removal of polyphenolics from the homogenate. However, this method resulted in a dark brown pellet which was difficult to dissolve. The colored pellets (brown pellets) could be a result of the oxidation and decomposition of phenolic compounds (Accerbi et al. 2010) . The low A 260 /A 280 ratio (1.515±0.064) and the low A 260 /A 230 ratio (1.01±0.085) obtained from method 3 (Table 1) suggested that PVPP is not suitable for removing protein and polysaccharides from S. polycystum.
Method 4 was not efficient, probably due to the low concentrations of DTT and NaCl which resulted in a low-quality RNA from S. polycystum. These four methods either failed to isolate intact RNA from S. polycystum due to the degradation of 28S and 18S ribosomal RNA (rRNA) ( Table 1 ; Fig. 1, lanes 1-4) . The average ratio A 260 /A 280 of RNA from S. polycystum prepared by these four methods ranged from 1.175 to 1.680, less than the accepted value of 1.80, which indicated that the RNA samples were highly contaminated by protein.
Based on our findings, we developed an improved RNA extraction method (method 5). This new protocol eliminated most of the interfering molecules efficiently and yielded translucent and water-soluble RNA pellets. It is a rapid, relatively nontoxic, and inexpensive RNA extraction method for brown algae. The following modifications have been introduced to develop the new optimized protocol. Firstly, the use of chaotropic agents such as phenol and β-mercaptoethanol, which are very toxic and carcinogenic, was eliminated. In addition, phenol extraction during the extraction process can damage poly(A)+RNA (Azevedo et Fig. 1 Isolation of RNA of S. polycystum using the modified method. Lane 1 method 1-modified from Hong et al. (1997) , lane 2 method 2-modified from Kim et al. (1997) , lane 3 method 3-modified from Wang et al. (2008) , lane 4 method 4- Wong et al. (2007) . These four RNA extraction methods failed to isolate intact RNA or produced negligible quantity of RNA (50 mM), instead of 20 mM DTT, were used to inhibit RNase activity during homogenization and extraction steps. A high concentration of DTT possesses protein-denaturing activity which effectively inhibits RNase activity by disrupting disulfate bond formation and also prevents oxidation of nucleic acids by phenolic compounds (Pearson et al. 2006) . Thirdly, 2 M NaCl was used to circumvent the polysaccharide contamination problem. A high ionic strength in the extraction buffer due to the addition of 2 M NaCl was proven sufficient to separate the contaminating compounds in plants (Wang et al. 2008; Pearson et al. 2006) . Next, the inclusion of absolute ethanol, before the second CI extraction, is critical in obtaining intact RNA. When absolute ethanol was not added during the process of extraction, the integrity of isolated RNA was extremely low. In our new protocol, a final concentration of 2 M of LiCl was used to precipitate the RNA selectively. Finally, the duration of RNA precipitation was shortened from overnight to 2 h, but at a lower temperature (−80°C). The RNA extracted from S. polycystum with method 5 was intact and has high quality (Fig. 2, lane 1) . Two distinct 28S and 18S rRNA bands were shown clearly on 1.2 % formaldehyde agarose gel stained with EtBr. The average RNA yields obtained from S. polycystum were 43.52 ± 0.716 μg g −1 fresh weight ( Table 2 ). The average ratio of A 260 /A 230 was 2.423±0.115 and A 260 /A 280 was 2.039±0.019 (Table 2 ). These indicated that the RNA has low polysaccharide, polyphenolic compounds, and protein contamination in the RNA samples. Figure 2 (lanes 2-8) showed that this extraction method was also suitable for other brown seaweeds (S. siliquosum, S. baccularia, S. binderi, P. tetrastromatica, T. conoides, Dictyota sp., and H. cuneiformis). The RNA yield, the ratios of A 260 /A 280 and A 260 /A 230 of RNA obtained from each species (Table 2) , were comparable to S. polycystum. In general, this extraction method is suitable for brown seaweeds since high-quality and intact RNA was obtained from these eight species. Yao et al. (2009) have used the CTAB method to isolate total RNA from Laminaria (Saccharina) japonica. However, our method contains some improvements over (Chan et al. 2004) . Secondly, Yao et al. (2009) used one tenth volume of 3 M NaOAc and two volumes of pure ethanol to precipitate RNA. In our improved protocol, a final concentration of 2 M of LiCl was used to precipitate the RNA selectively instead of using two volumes ethanol and one tenth volume 3 M NaOAc (pH 5.2) or one volume of isopropanol and one tenth volume of 3 M NaOAc (pH 5.2). Many researchers use ethanol and NaOAc or isopropanol and NaOAc to precipitate RNA. However, we found that precipitation either using two volumes of ethanol and one tenth volume NaOAc (pH 5.2) or one volume of isopropanol and one tenth volume of NaOAc (pH 5.2) produced RNA that was highly DNAcontaminated in our S. polycystum experiment (Fig. 3 ). Alcohol and/or sodium salts are used for nucleic acids precipitation (Mülhardt 2007) , small RNA molecules precipitation (Accerbi et al. 2010) , and long-term storage of nucleic acids in −80°C (Farrell 2012) . Lastly, although we do not use β-mercaptoethanol in the extraction buffer, the integrity of the RNA is maintained.
RT-PCR analysis and cloning of isolated DNA fragments
Reverse transcriptase is inhibited by exonucleases, endonucleases, photosynthetic pigments (Lau et al. 1993) , and polysaccharides (Talyshinsky et al. 2002; Queiroz et al. 2008) . Therefore, RT-PCR analysis is a good method to determine the suitability of the extracted total RNA of eight seaweeds for downstream applications. We have performed RT-PCR using 3 μg of RNA from eight species of brown seaweeds as template to synthesize cDNA, and a partial cDNA actin gene were amplified by PCR using specific primer pair, GSPAc-F and GSPAc-R, which was designed based on the sequence of the full-length actin cDNA. The open reading frame of the actin gene (∼304 bp) was successfully amplified from the brown seaweeds (Fig. 4) . The purified DNA fragment was then cloned into yT&A cloning vector, transformed into DH5α competent cell, and the presence of an insert was confirmed by PCR and sequencing. Sequencing analysis revealed that the RT-PCR product was the 304-bp actin cDNA. Therefore, the total RNAs obtained from the brown algae were pure enough for the successful RT-PCR amplification and cloning. (960, 480, 240, 120, 60, 30 , and 15 ng/μL) of RNA standard was spotted on an EtBr-stained 1 % (w/v) agarose gel. This EtBr plate assay was performed to confirm the mRNA concentration water, and approximately 20 ng of template plasmid DNA. The PCR conditions were as follows: 94°C for 2 min, followed by 35 cycles (94°C for 1 min, 55°C for 1 min, and 72°C for 2 min), and followed by a final extension at 72°C for 7 min. Lane M 1 kb DNA Ladder (Fermentas, Ontario, Canada), lanes 1-23 insert cDNA clones of 600 bp-4 kb in length, lane 24 negative control Construction of cDNA library of S. polycystum
To evaluate the suitability of isolated RNA for downstream enzymatic procedures, the RNA prepared from S. polycystum was used for cDNA library preparation. The isolation of mRNA from total RNA is a critical step prior to a cDNA library construction. The RNA obtained from this method was suitable for the isolation of mRNA. The use of this cDNA construction kit requires high-quality mRNA as templates (Wu et al. 2010) . A total of 7.5 μg of mRNA was isolated from about 750 μg of total RNA, with the A 260 /A 280 absorbance ratio of 1.98. The quantification of mRNA was verified by using EtBr plate assay, where a serial dilution of RNA standard was spotted and compared with the mRNA (Fig. 5) . In order to confirm the suitability and intactness of the total RNA extracted from S. polycystum, cDNA library construction was carried out as downstream applications. cDNA was synthesized for the construction of the cDNA library. A primary cDNA library containing 1×10 6 recombinant clones was obtained, which was considered as a good representative primary library size. PCR amplification of 23 randomly selected clones from the primary cDNA library generated fragments within the range of 0.5-3 kb (Fig. 6 ). The cDNA library prepared from the RNA isolated by our new protocol fulfills two key characteristics of a highquality cDNA library, i.e., a primary cDNA library containing 1×10 6 recombinant clones was obtained, and secondly, the average size of the cDNA inserts is ∼1 kb or greater, and thus giving a high probability of isolating the full-length cDNAs (Sambrook and Russell 2001) .
In conclusion, we report a rapid, efficient, and reliable total RNA extraction method for brown seaweeds rich in polysaccharide and polyphenolic compounds. The procedure described here is the first protocol for RNA isolation from the brown seaweed S. polycystum. In contrast to other methods tested, the total RNA prepared by this method was of high quality and quantity and successfully used for the RT-PCR, cloning, synthesis of cDNA, and cDNA library construction.
